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(54) Near infrared absorption filter 



(57) The present invention provides a near infrared absorption filter which contains, in a resin film produced from 
either or both of a polycarbonate and a polyarylate by solution casting, a dithiol-nickel complex represented by the 
following formula (1 ): 



OC2H4OCH3 



0CH3 



(i) 



and at least one kind of diimmonium compound represented by the following formula (2): 
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2X" 



(2) 



(wherein R-, to R 8 may be the same or different and are each a hydrogen atom, an alkyl group or an aryl group; and 
X- is an anion represented by halogen anion, perchloric acid anion, antimony hexafluoride anion or nitric acid anion). 

The near infrared absorption filter has alleviated the problems of the prior art, has excellent heat resistance, shows 
stable absorption over a long period of time, has a high transmittance for visible light and high absorption for near 
infrared light, and is suitably used particularly as a near infrared absorption filter for plasma display panel. 
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Description 

Background of the Invention 

5 (1) Field of the Invention 

[0001] The present invention relates to a near infrared absorption filter. More particularly, the present invention relates 
to a near infrared absorption filter which is suitably used particularly as a near infrared filter for plasma display panel 
by combining with a layer having a different function. 

10 

(2) Description of the Prior Art 

[0002] In recent years, large displays of various types have been developed and commercialized. Plasma display is 
one of such displays. Plasma display generates a near infrared light during the plasma discharge, as easily understood 
is from the operational mechanism; and since remote control system of household electronic appliances (such as TV 
air-conditioner, video tape recorder, etc.) use same or similar wavelength of near infrared region, plasma display may 
cause false functioning of those appliances placed near by. 

[0003] Hence, it was proposed to utilize a near infrared absorption filter which can absorb and shield a light of near 
infrared region, i.e. 800 to 1 ,000 nm, particularly 850 to 1 ,000 nm. As such a near infrared absorption filter, there can 
20 be mentioned, for example, (1 ) a filter made of a phosphate glass containing a metal ion (e.g. bivalent copper ion), (2) 
a filter obtained by forming, on a substrate (e.g. a glass), a thin layer of metal (e.g. silver) by vapor deposition, sputtering, 
ion-plating or any other methods, (3) a filter made of a phosphoric acid group-containing acrylic resin containing a 
metal ion (e.g. bivalent copper ion), and (4) a filter obtained by adding, to a resin, a dye capable of absorbing a light 
of near infrared region. 

25 [0004] The above near infrared absorption filters, however, have respective problems. The filter (1 ) made of a phos- 
phate glass containing a metal ion is hygroscopic and employs a complicated production process. The filter (2) obtained 
by forming, on a substrate (e.g. a glass), a thin layer of metal (e.g. silver) by vapor deposition, ion-plating or any other 
methods, has the problem of reflecting not only the light of near infrared region but of visible region although its amount 
is smaller than that in near infrared region. And also it lowers its transmittance when it is too thick, and has high 

30 production cost as well. In the filters (1) and (2), a glass is used in most cases; therefore, the filters are heavy, crack 
easily, and are difficult to mold. 

[0005] For the filter (3) made of a phosphoric acid group-containing acrylic resin containing a metal ion, complexity 
of production process, etc. are pointed out. 

[0006] In contrast, the filter (4) obtained by adding, to a resin, a dye capable of absorbing a light of near infrared 
35 region has various advantages such as light weight as compared with glass-made filters and easy production. However, 
the filter (4) has the following problems. 

[0007] That is, many of the dyes capable of absorbing a light of near infrared region show absorption also in a visible 
light region. Therefore, the filter (4) containing such a dye may possibly show absorption also in a visible light region 
other than near infrared region, which is not preferred. 

^0 [0008] Further, many of the dyes capable of absorbing a near infrared region, particularly many of the diimmonium 
compounds are inferior in heat resistance and heat stability; therefore, a near infrared absorption filter containing such 
a dye, produced, for example, by incorporation of the dye, often contains a heat decomposition product of incorporated 
dye; this heat decomposition product, unlike the incorporated dye per se, absorbs substantially no near infrared region 
but absorbs a visible light region; resultantly, in the filter, the absorption of near infrared region is relatively low as 

45 compared with the absorption of visible light region, and the transmission for visible light region becomes low. 

[0009] Furthermore, the dyes capable of absorbing a near infrared region, particularly the diimmonium compounds 
deteriorate faster when used in combination with other dyes. Therefore, in determining the dyes to be used in a near 
infrared absorption filter, it is necessary that they are selected so as to have no interaction with each other or they are 
used in a plurality of layers each containing a different dye. 

50 

Summary of the Invention 

[001 0] The present invention aims at alleviating the above-mentioned problems of the prior art and providing a near 
infrared absorption filter which has excellent heat resistance, shows stable absorptbn over a long period of time, has 
55 a high transmittance for visible light and high absorption for near infrared light, and is suitably used particularly as a 
near infrared absorption filter for plasma display panel. 

[0011] According to the present invention, there is provided a near infrared absorption filter which contains, in a resin 
film produced from either or both of a polycarbonate and a polyaryiate by solution casting, a dithiol-nickel complex 
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represented by the following formula (1 ): 



OC2H4OCH3 



10 



is 



CH3O 



CH 3 OC 2 H 4 0 




20 



and at least one kind of diimmonium compound represented by the following formula (2): 



25 



30 



35 



40 



45 




2X" 



(2) 



so 



(wherein R-, to R 8 may be the same or different and are each a hydrogen atom, an alkyl group or an aryl group; and 
X- is an anion represented by halogen anion, perchloric acid anion, antimony hexafluoride anion or nitric acid anion). 

Brief Description of the Drawings 
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[0018] 


Fig- 
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Fig. 


[0020] 


Fig- 
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Fig. 


[0022] 


Fig. 


[0023] 


Fig. 


[0024] 


Fig. 


[0025] 


Fig. 


[0026] 


Fig. 



10 [0026] Fig. 15 is an absorption spectrum of the film (near infrared absorption filter) obtained in Example 12. 
Detailed Description of the Invention 

[0027] The present invention is described in detail below. 

*s [0028] The near infrared absorption filter of the present invention is representatively a near infrared absorption filter 
which contain (i.e., obtained by add in g) a part iculardithiol -nickel complex and at least one kind of particular diimmonium 
compound, in (to) a resin film produced from either or both of a polycarbonate and a polyarylate by solution casting. 
The polycarbonate used for production of the above resin film has a number-average molecular weight of, for example, 
10,000 to 30,000; and the polyarylate has a number-average molecular weight of, for example, 18,000 to 30,000. 

20 [0029] Which of the polycarbonate and the polyarylate should be used, or in what compounding ratio the polycar- 
bonate and the polyarylate should be used when they are used in combination, may be determined depending upon 
the application form or application method of the near infrared absorption filter to be obtained. For example, when the 
near infrared absorption filter to be obtained is required to have impact resistance and visible light transmittance, use 
of the polycarbonate is preferred. When the near infrared absorption filter to be obtained is required to have surface 

25 hardness and ultraviolet absorption, use of the polyarylate is preferred. 

[0030] When the near infrared absorption filter to be obtained is required to have the above-mentioned properties 
in good balance, the polycarbonate and the polyarylate can be used in combination. The compounding ratio of the two 
polymers is preferred to be, for example, polyary late/polycarbonate = 3/7 to 9/1 (weight ratio). 

[0031] The dithiol-nickel complex used in the present invention is represented by the above formula (1); shows, in 
30 the resin film used in the present invention, the maximum absorption for a wavelength of 900 nm; gives an absorption 
wave curve which is approximately symmetrical to the maximum absorption wavelength; and can effectively conduct 
by itself the shielding of a near infrared region of 850 to 1 ,000 nm which is necessary when the present filter is used 
particularly for plasma display panel. 

[0032] In the present invention, the amount of the dithiol-nickel complex added to the resin film is determined de- 
35 pending upon the thickness and absorption required for the present near infrared absorption filter. When the amount 
of absorbance is fixed and the near infrared absorption filter is thin, it is necessary to add the dithiol-nickel complex in 
a large amount; when the near infrared absorption filter is thick, the amount of the dithiol-nickel complex added may 
be small, 

[0033] The specific amount of the dithiol-nickel complex added can be, for example : 1 to 800 mg (800 mg is close 
40 to the saturation concentration of the dithiol-nickel complex in the later-described solution used in production of the 
present near infrared absorption filter) per the unit area (i.e. 1 m 2 ) of the present near infrared absorption filter, preferably 
5 to 500 mg per 1 m 2 , more preferably 30 to 300 mg per 1 rn 2 

[0034] When the amount of the dithiol-nickel complex added is smaller than the above range, no desired absorption 
may be obtained. When the amount is too large, the transmittance for visible light may be low and insufficient. 
45 [0035] The diimmonium compound used in the present invention is represented by the following formula (2): 



50 
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(wherein R n to R 8 may be the same or different and are each a hydrogen atom, an alkyl group or an aryl group; and 
X- is an anion represented by halogen anion, perchloric acid anion, antimony hexafluoride anion or nitric acid anion). 
Preferably R 1 to R 8 may be the same or different and are each a hydrogen atom, an alkyl group having 1 - 8 carbon 
atoms in view of availability. 

[0036] A diimmonium compound of the formula (2) wherein R-, to R 8 are each an alkyl group, is preferred because 
it shows very small absorbance for visible light region, is highly soluble in solvents and can achieve a high dye con- 
centration, and can make small the thickness of resin film. Examples of such a compound are as follows. 
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[0037] The amount of the diimmonium compound of formula (2) added can be, for example, 1 to 800 mg per the unit 
area (i.e. 1 m 2 ) of the present near infrared absorption filter, preferably 5 to 500 mg, more preferably 30 to 300 mg. 
40 [0038] When the amount of the diimmonium compound added is smaller than the above range, no desired absorption 
may be obtained. When the amount is larger than the above range, the transmittance for visible light may be low and 
insufficient. Therefore, none of such amounts is preferred. 

[0039] When the compounding ratio of the dithiol-nickel complex represented by the formula (1) and the diimmonium 
compound represented by the formula (2) is 1 :2 to 2:1 (weight ratio), it is possible to obtain a near infrared absorption 

45 filter capable of absorbing a light of near infrared region in a good balance. 

[0040] The diimmonium compound represented by the formula (2) may be used as a single compound or in admixture 
of two or more kinds of compounds. This compound is known to have a significantly reduced heat resistance when 
used in combination with other dye; therefore, it has been necessary that when used in combination with other dye, 
the compound and the other dye are contained separately in respective layers. 

so [0041] In the present invention, it is possible that at least one kind of other dithiol-nickel complex represented by the 
following formula (3): 



55 
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20 is used together with the dithiol-nickel complex represented by the formula (1 ) and the diimmohium compound repre- 
sented by the formula (2), to reduce the use amount of the relatively expensive dithiol-nickel complex of formula (1) 
for cost reduction. 

[0042] In the above formula (3), R g to R 12 may be the same or different and are each an alkylene group having 1 to 
4 carbon atoms, an aryl group, an aralkyl group, an alkylamino group, an alkoxy group, a halogen atom or a hydrogen 
25 atom. Preferably, R 9 to R 12 may be the same or different and are each a hydrogen atom, an alkoxy group having 1 - 
4 carbon atom -alky I, group or dimethylamino group in view of availability. 
[0043] Examples of the dithiol-nickel complex of formula (3) are as follows. 
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[0044] The amount of the dithiol-nickel complex of formula (3) added to the resin can be, for example, 1 to 800 mg 
(800 mg is close to the saturation concentration of the dithiol-nickel complex of formula (3) in the later-described solution 
used in production of the present near infrared absorption filter) per the unit area (i.e. 1 m 2 ) of the present near infrared 
2s absorption filter, preferably 5 to 500 mg per 1 m 2 more preferably 30 to 300 mg per 1 m 2 

[0045] When the amount of the dithiol-nickel complex of formula (3) added is smaller than the above range, no 
desired absorbance may be obtained. When the amount is too large, the transmittance for visible light may be low and 
insufficient. Therefore, none of such amounts is preferred. 

[0046] As mentioned previously, the dithiol-nickel complex of formula (3) can replace part of the dithiol-nickel complex 
30 of formula (1). By controlling the compounding ratio of the dithiol-nickel complex of formula (1) and the dithiol-nickel 
complex of formula (3) at 1:4 to 4:1 (weight ratio) while the total amount of the two complexes is kept at the level 
mentioned for the use amount of the complex of formula (1), there can be obtained a near infrared absorption filter 
which can absorb a light of near infrared region in good balance, which has increased absorbance for 800 to 900 nm, 
and which is lower in cost. 

35 [0047] Production of the near infrared absorption filter of the present invention is conducted simply by adding a dithiol- 
nickel complex represented by the formula (1 ), at least one kind of diimmonium compound represented by the formula 
(2) and, as necessary, at least one kind of dithiol-nickel complex represented by the formula (3) to a polycarbonate, a 
polyarylate, or a mixture of the two polymers (the resulting mixture is then made into a film by solution casting); and 
there is no particular restriction as to the means for achieving it. Preferably, the above two or three components are 

40 dissolved in a solvent capable of dissolving the above polymer or polymer mixture, and then added to a solution of the 
polymer or polymer mixture. 

[0048] The solvent can be any solvent as long as it can dissolve the polymer or polymer mixture. However, a chlorine- 
based solvent, an ether type solvent or a mixed solvent thereof is preferred. Examples of such a solvent are tetrahy- 
drofuran (THF), diethyl ether, 1,4-dioxane, 1,3-dioxolane, chloroform, methylene chloride and a mixture of these sol- 
45 vents. 

[0049] A specific example of the production process of the near infrared absorption filter of the present invention is 
described. To a solution of the above-mentioned polymer are added a solution of the dithiol-nickel complex represented 
by the formula (1), at least one kind of diimmonium compound represented by the formula (2) and, as necessary, at 
least one kind of dithiol-nickel complex represented by the formula (3); the resulting mixture is stirred until a uniform 
50 solution is obtained; the resulting solution is cast on an appropriate substrate such as sheet, film or the like, by solution 
casting or the like, followed by drying. 

[0050] For the solution casting, there can be used, a comma coater, a bar coater, a knife coater, a die coater, a doctor 
blade, etc. Alternatively, the solution may be coated on a transparent substrate or on a substrate having other function, 
to obtain the near infrared absorption filter of the present invention as a lamination type filter 
55 [0051] As to the thickness of the near infrared absorption filter of the present invention, there is no particular restriction 
as long as the filter contains near infrared-absorbing dyes in a total amount sufficient to show desired near infrared 
absorption and further shows a transmittance required for practical filter. The thickness can be, for example, 1 to 300 
urn, preferably 3 to 200 ujti, more preferably 5 to 1 00 jam. 
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[0052] The thus-obtained near infrared absorption filter of the present invention has appropriate properties for use 
particularly as a near infrared filter for plasma display panel, when combined with a layer having other function such 
as reflection prevention, electromagnetic shielding, prevention of Newton's rings, antistatic property or the like. 
[0053] The near infrared absorption filter of the present invention can further contain a near infrared-absorbing sub- 
5 stance (e.g. at least one kind of a phthalocyanine type and/or naphthalocyanine type compound), an ultraviolet-ab- 
sorbing substance, a plasticizer, acrosslinking agent, an antioxidant, a polymerization retarder, a dye, a pigment and/ 
or a color-adjusting agent. The present near infrared absorption filter can be used as a color filter when it contains a 
dye, a pigment and/or a color-adjusting agent. 

10 Description of Preferred Embodiments 

[0054] The present invention is described in more detail below by way of Examples. 

Example 1 



15 



20 



25 



30 



[0055] In 1 00 parts by weight of chloroform were dissolved 1 0.2 parts by weight of a polycarbonate resin [Panlite L- 
1225 (trade name) produced by Teijin Chemicals Ltd.], 0.065 part by weight of a dithiol -nickel complex represented by 
the formula (1) and 0.095 part by weight of a diimmonium compound represented by the following formula: 



Bu 2 N 



NBu, 




35 



(this compound is referred to as the diimmonium compound [1] in the following Examples and Comparative Examples). 
40 The resulting solution was cast on a polyester film using a bar coater having gaps of 300 jum [Doctor Blade YD-7 (trade 
name) produced by Yoshimitsu Seiki K.K.] (the same bar coater was used in the following Examples and Comparative 
Examples) to form a film to be used as a near infrared absorption filter. 

[0056] The film was subjected to a heat resistance test of 90°C and 500 hours. The films before and after the heat 
resistance test were measured for respective absorption spectra, and the spectra are shown in Fig. 1 . As is clear from 
45 Fig. 1 , a near infrared region of 850 to 1 ,000 nm is shielded sufficiently and a visible light is transmitted sufficiently. 
Even after the 500-hour heat resistance test, there is substantially no decomposition of dyes and there is substantially 
no change in spectrum, and the film has high long-term heat resistance as a filterfor plasma display panel. Incidentally, 
in Fig. 1 , the dotted curve is a spectrum after the 500-hour heat resistance test. 

so Example 2 

[0057] In 100 parts by weight of chloroform were dissolved 10.2 parts by weight of a polycarbonate resin [Panlite L- 
1225 (trade name) produced by Teijin Chemicals Ltd.], 0.065 part by weight of a dithiol-nickel complex represented by 
the formula (1 ) and 0.095 part by weight of a diimmonium compound represented by the following formula: 

55 
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20 (this compound is referred to as the diimmonium compound [2] in the following Examples and Comparative Examples). 
The resulting solution was cast on a polyester film using a bar coater having gaps of 300 u.m to form a film to be used 
as a near infrared absorption filter. The absorption spectrum of this film is shown in Fig. 2. As is clear from Fig. 2, a 
near infrared region of 850 to 1 ,000 nm is shielded sufficiently and a visible light is transmitted sufficiently. 

25 Example 3 

[0058] In 100 parts by weight of chloroform were dissolved 10.0 parts by weight of a polycarbonate resin [Panlite 
C1400 (trade name) produced by Teijin Chemicals Ltd.], 0.015 part by weight of a dithiol-nickel complex represented 
by the formula (1), 0.06 part by weight of the diimmonium compound [2] and 0.03 part by weight of a dithiol-nickel 
30 complex represented by the following formula: 



35 



40 




(this compound is referred to as the dithiol-nickel complex [1] in the following Examples and Comparative Examples). 
The resulting solution was cast on a polyester film using a bar coater having gaps of 300 iim to form a film to be used 
as a near infrared absorption filter. The absorption spectrum of this film is shown in Fig. 3. As is clear from Fig. 3, a 
near infrared region of 850 to 1 ,000 nm is shielded sufficiently and a visible light is transmitted sufficiently. 

so 

Example4 

[0059] In 1 00 parts by weight of a mixed solvent (1 ,3-dioxolane/1 ,4-dioxane/tetrahydrof uran . = 40/40/30 [in volume]) 
were dissolved 23.4 parts by weight of a polycarbonate resin [Panlite L-1 225 (trade name) produced by Teijin Chemicals 
55 Ltd.], 0.025 part by weight of a dithiol-nickel complex represented by the formula (1), 0.10 part by weight of the diim- 
monium compound [2], 0.06 part by weight of the dithiol-nickel complex [1], 0.01 part by weight of a color-adjusting 
agent [Kaya Violet AR (trade name) produced by Nippon Kayaku Co., Ltd.] and 0.003 part by weight of other color- 
adjusting agent [Kaya Blue N (trade name) produced by Nippon Kayaku Co., Ltd.]. The resulting solution was cast on 
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a polyester film using a bar coater having gaps of 300 u.m to form a film to be used as a near infrared absorption filter. 
The film had a gray color which was preferable for a filter for plasma display panel. The absorption spectrum of this 
film is shown in Fig. 4. As is clear from Fig. 4, a near infrared region of 850 to 1 ,000 nm is shielded sufficiently and a 
visible light is transmitted sufficiently. 

Example 5 

[0060] In 1 00 parts by weight of 1 ,3-dioxolane were dissolved 16.0 parts by weight of a polycarbonate resin [Panlite 
L-1225 (trade name) produced by Teijin Chemicals Ltd.], 0.025 part by weight of a dithiol-nickel complex represented 
by the formula (1 ), 0. 1 0 part by weight of the diimmonium compound [1 ], 0.06 part by weight of the dithiol -nickel complex 
[1], 0.007 part by weight of a color-adjusting agent [Kaya Red B (trade name) produced by Nippon Kayaku Co, Ltd.] 
and 0.007 part by weight of other color-adjusting agent [Kaya Blue N (trade name) produced by Nippon Kayaku Co., 
Ltd.]. The resulting solution was cast on a polyester film using a bar coater having gaps of 300 |im to form a film to be 
used as a near infrared absorption filter. The film had a gray color which was preferable for a filter for plasma display 
*5 panel. The absorption spectrum of this film is shown in Fig. 5. As is clear from Fig. 5, a near infrared region of 850 to 
1,000 nm is shielded sufficiently and a visible light is transmitted sufficiently. 

Example 6 

20 [0061] In 100 parts by weight of chloroform were dissolved 16.7 parts by weight of a polyarylate resin [D Powder 
(trade name) produced by Unitika Ltd.], 0.07 part by weight of a dithiol-nickel complex represented by the formula (1) 
and 0.09 part by weight of the diimmonium compound [2]. The resulting solution was cast on a polyester film using a 
bar coater having gaps of 300 u.m to form a film to be used as a near infrared absorption filter. The absorption spectrum 
of this film is shown in Fig. 6. As is clear from Fig. 6, a near infrared region of 850 to 1 ,000 nm is shielded sufficiently 

£5 and a visible light is transmitted sufficiently. Even after the 500-hour heat resistance test, there is substantially no 
decomposition of dyes and there is substantially no change in spectrum, and the film has high long-term heat resistance 
as a filter for plasma display panel. Incidentally, in Fig. 6, the dotted curve is a spectrum after the 500-hour heat re- 
sistance test. 

30 Example 7 

[0062] In 100 parts by weight of chloroform were dissolved 16.7 parts by weight of a polyarylate-polycarbonate (1 : 
1 ) alloy resin [P-5001 (trade name) produced by Unitika Ltd.], 0.05 part by weight of a dithiol-nickel complex represented 
by the formula (1) and 0.09 part by weight of the diimmonium compound [2]. The resulting solution was cast on a 

35 polyester film using a bar coater having gaps of 300 urn to form a film to be used as a near infrared absorption filter. 
The absorption spectrum of this film is shown in Fig. 7. As is clear from Fig 7, a near infrared region of 850 to 1 ,000 
nm is shielded sufficiently and a visible light is transmitted sufficiently. Even after the 500-hour heat resistance test, 
there is substantially no decomposition of dyes and there is substantially no change in spectrum, and the film has high 
long-term heat resistance as a filter for plasma display panel. Incidentally, in Fig. 7, the dotted curve is a spectrum ■ 

40 after the 500-hour heat resistance test. 

Comparative Example 1 . 

[0063] In 1 00 parts by weight of chloroform were dissolved 1 0.2 parts by weight of a polycarbonate resin [Panlite L- 
45 1250Z (trade name) produced by Teijin Chemicals Ltd.] and 0.065 part by weight of a dithiol-nickel complex represented 
by the formula (1). The resulting solution was cast on a polyester film using a bar coater having gaps of 300 ujti to 
form a film to be used as a near infrared absorption filter. The absorption spectrum of this film is shown in Fig. 8. As 
is clear from Fig. 8, the absorption of 900 to 1000 nm is weak. 

so Comparative Example 2 

[0064] In 1 00 parts by weight of chloroform were dissolved 1 0.2 parts by weight of a polycarbonate resin [Panlite L- 
1250Z (trade name) produced by Teijin Chemicals Ltd.] and 0.095 part by weight of the diimmonium compound [1]. 
The resulting solution was cast on a polyester film using a bar coater having gaps of 300 jam to form a film to be used 
55 as a near infrared absorption filter. The absorption spectrum of this film is shown in Fig. 9. As is clear from Fig. 9, the 
absorption of 850 to 900 nm is weak. 
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Comparative Example 3 

[0065] In 100 parts by weight of chloroform were dissolved 1 0.2 parts by weight of an acrylic resin [Acrypet (trade 
name) produced by Mitsubishi Rayon Co., Ltd.], 0.065 part by weight of a dithiol-nickel complex represented by the 

5 formula (1) and 0.095 part by weight of the diimmonium compound [1 J. The resulting solution was cast on a polyester 
film using a bar coater having gaps of 300 urn to form a film to be used as a near infrared absorption filter. The film 
was subjected to a heat resistance test of 90°C and 500 hours. The absorption spectra of the films before and after 
the heat resistance test are shown in Fig. 10. As is clear from Table 10, after the 500-hour heat resistance test, the 
absorption of particularly 900 nm or larger is weak owing to the decomposition of dyes. Incidentally, in Fig. 10, the 

10 dotted curve is a spectrum after the 500-hour heat resistance test. 

Example 8 

[0066] In 250 parts by weight of 1 ,3-dioxolane were dissolved 32.0 parts by weight of a polycarbonate resin [Panlite 
is L-1250Z (trade name) produced by Teijin Chemicals Ltd.], 0.47 part by weight of a dithiol-nickel complex represented 
by the formula (1), 0.53 part by weight of the diimmonium compound [1] and 0.25 part by weight of phthalocyanine 
type compound (a near infrared-absorbing substance) [TX-EX 812K (trade name) produced by Nippon Shokubai Co., 
Ltd.]. The resulting solution was cast on a polyester film using a bar coater having gaps of 100 urn to form a film to be 
used as a near infrared absorption filter. The film was subjected to a heat resistance test of 90°C and 500 hours. The 
20 absorption spectrum of this film is shown in Fig. 1 1 . As is clear from Fig. 1 1 , a near infrared region of 850 to 1 ,000 nm 
is shielded sufficiently and a visible light is transmitted sufficiently. Even after the 500-hour heat resistance test, there 
is substantially no decomposition of dyes and there is substantially no change in spectrum, and the film has high long- 
term heat resistance as a filter for plasma display panel. Incidentally in Fig. 11, the dotted curve is a spectrum after 
the 500-hour heat resistance test. 

25 

Example 9 

[0067] In 250 parts by weight of 1 ,3-dioxolane were dissolved 32.0 parts by weight of a polycarbonate resin [Panlite 
L-1250Z (trade name) produced by Teijin Chemicals Ltd.], 0.13 part by weight of a dithiol-nickel complex represented 

30 by the formula (1 ), 0.34 part by weight of the dithiol-nickel complex [1], 0.53 part by weight of the diimmonium compound 
[2] and 0.25 part by weight of phthalocyanine type compound (a near infrared-absorbing substance) [TX-EX 801 B 
(trade name) produced by Nippon Shokubai Co., Ltd.]. The resulting solution was cast on a polyester film using a bar 
coater having gaps of 100 urn to form a film to be used as a near infrared absorption filter. The film was subjected to 
a heat resistance test of 90°C and 500 hours. The absorption spectrum of this film is shown in Fig. 1 2. As is clear from 

35 Fig. 12, a near infrared region of 850 to 1 ,000 nm is shielded sufficiently and a visible light is transmitted sufficiently. 
Even after the 500-hour heat resistance test, there is substantially no decomposition of dyes and there is substantially 
no change in spectrum, and the film has high long-term heat resistance as a filter for plasma display panel Incidentally, 
in Fig. 1 2, the dotted curve is a spectrum after the 500-hour heat resistance test. 

40 Example 10 

[0068] In 300 parts by weight of 1 ,3-dioxolane were dissolved 36.0 parts by weight of a polycarbonate resin [Panlite 
L-1250Z (trade name) produced by Teijin Chemicals Ltd.], 0.5 part by weight of a drthiol-nickel complex represented 
by the formula (1), 0.5 part by weight of the diimmonium compound [2], 0.25 part by weight of phthalocyanine type 

45 compound (a near infrared-absorbing substance) [TX-EX 81 2K (trade name) produced by Nippon Shokubai Co., Ltd.], 
0.083 part by weight of a color-adjusting agent [Kaya violet AR (trade name) produced by Nippon Kayaku Co., Ltd.] 
and 0.025 part by weight of other color-adjusting agent [Kaya Blue N (trade name) produced by Nippon Kayaku Co., 
Ltd.]. The resulting solution was cast on a polyester film using a bar coater having gaps of 1 50 u.m to form a film to be 
used as a near infrared absorption filter. The film had a gray color which was preferable for a filter for plasma display 

50 panel. The film was subjected to a heat resistance test of 90°C and 500 hours. The absorption spectrum of this film is 
shown in Fig. 1 3. As is clear from Fig. 1 3, a near infrared region of 850 to 1 ,000 nm is shielded sufficiently and a visible 
light is transmitted sufficiently. Even after the 500-hour heat resistance test, there is substantially no decomposition of 
dyes and there is substantially no change in spectrum, and the film has high long-term heat resistance as a filter for 
plasma display panel. Incidentally, in Fig. 1 3, the dotted curve is a spectrum after the 500-hour heat resistance test 

55 

Example 11 

[0069] In 300 parts by weight of 1 ,3-dioxolane were dissolved 36.0 parts by weight of a polycarbonate resin [Panlite 
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L-1250Z (trade name) produced by Teijin Chemicals Ltd.], 0.13 part by weight of a dithiol-nickel complex represented 
by the formula (1), 0.34 part by weight of adithiol-nickel complex [I R additive 2000 (trade name) produced by Dainippon 
Ink & Chemicals Inc.], 0.53 part by weight of the diimmonium compound [2], 0.25 part by weight of phthalocyanine type 
compound (a near infrared-absorbing substance) [TX-EX 801 B (trade name) produced by Nippon Shokubai Co., Ltd.], 
0.083 part by weight of a color-adjusting agent [Kaya violet AR (trade name) produced by Nippon Kayaku Co., Ltd.] 
and 0.025 part by weight of other color-adjusting agent [Kaya Blue N (trade name) produced by Nippon Kayaku Co., 
Ltd.]. The resulting solution was cast on a polyester film using a bar coater having gaps of 1 50 urn to form a film to be " 
used as a near infrared absorption filter. The film had a gray color which was preferable for a filter for plasma display 
panel. The film was subjected to a heat resistance test of 90°C and 500 hours. The absorption spectrum of this film is 
shown in Fig. 14. As is clear from Fig. 14, a near infrared region of 850 to 1 ,000 nm is shielded sufficiently and a visible 
light is transmitted sufficiently. Even after the 500-hour heat resistance test, there is substantially no decomposition of 
dyes and there is substantially no change in spectrum, and the film has high long-term heat resistance as a filter for 
plasma display panel. Incidentally, in Fig. 14, the dotted curve is a spectrum after the 500-hour heat resistance test. 



is Example 12 

[0070] In 270 parts by weight of 1 ,3-dioxolane were dissolved 36.0 parts by weight of a polycarbonate resin [Panlite 
L-12502 (trade name) produced by Teijin Chemicals Ltd.], 0.6 part by weight of a dithiol-nickel complex represented 
by the formula (1 ), 0.3 part by weight of phthalocyanine type compound (a near infrared-absorbing substance) [TX-EX 

20 81 2K (trade name) produced by Nippon Shokubai Co., Ltd.] and 0.4 part by weight of phthalocyanine type compound 
(a near infrared-absorbing substance) [TX-EX 903B (trade name) produced by Nippon Shokubai Co., Ltd.]. The re- 
sulting solution was cast on a polyester film using a bar coater having gaps of 150 jam to form a film to be used as a 
near infrared absorption filter. The film was subjected to a heat resistance test of 90°C and 500 hours. The absorption 
spectrum of this film- is shown in Fig. 15. As is clear from Fig. 15, a near infrared region of 850 to 1 ,000 nm is shielded 

25 sufficiently and a visible light is transmitted sufficiently. Even after the 500-hour heat resistance test, there is substan- 
tially no decomposition of dyes and there is substantially no change in spectrum, and the film has high long-term heat 
resistance as a filter for plasma display panel. Incidentally, in Fig. 1 5, the dotted curve is a spectrum after the 500-hour 
heat resistance test. 

[0071] As described above, the near infrared absorption filter of the present invention contains a particular dithiol- 
30 nickel complex and a particular diimmonium compound in a resin film produced from either or both of a polycarbonate 
and a polyarylate by solution casting; thereby, the present filter alleviates the problem of diimmonium compound that 
the heat resistance of the compound decreases significantly when used together with other dye, and shows stable 
absorption over a long period of time even at high temperatures. 

[0072] Further, the present near infrared absorption filter has a high transmittance for visible light and high absorb- 
35 ance for near infrared region (850 to 1 ,000 nm) owing to the combined use of a particular dithiol-nickel complex and 
a particular diimmonium compound (the complex and the compound can be present in the same layer and need not 
be present in respective layers), and can be suitably used particularly as a near infrared filter for plasma display panel. 

40 Claims 

1 . A near infrared absorption filter which contains, in a resin film produced from either or both of a polycarbonate and 
a polyarylate by solution casting, a dithiol-nickel complex represented by the following formula (1 ): 

45 



55 
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and at least one kind of diimmonium compound represented by the following formula (2): 



10 



15 



20 



25 




\ 



N- R; 



V / 



2X" 



(2) 



30 (wherein Hy to R 8 may be the same or different and are each a hydrogen atom, an alky! group or an aryl group; 

and X- is an anion represented by halogen anion, perchloric acid anion, antimony hexaf I uoride anion or nitric acid 
anion). 

2. A near infrared absorption filter according to Claim 1, which further contains at least one kind of dithiol-nickel 
35 complex represented by the following formula (3): 



40 



45 



SO 




55 



(wherein R s to R 12 may be the same or different and are each an alkylene group having 1 to 4 carbon atoms, an 
aryl group, an aralkyl group, an alkylamino group, an alkoxy group, a halogen atom or a hydrogen atom). 

3. . A near infrared absorption filter according to Claims 1 or 2, which further contains at least one kind of a phthalo- 



15 



BNSDOCID: <EP 1001282A2_I_> 



EP 1 001 282 A2 

cyanine type and/or naphthalocyanjne type compound. 

4. A near infrared absorption filter for plasma display panel which uses a near infrared absorption filter set forth 
any of Claims 1 to 3. 
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FIG.4 
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FIG.7 
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FIG.10 
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FIG. 13 
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(54) Near infrared absorption filter 

(57) The present Invention provides a near infrared absorption filter which contains, in a resin film produced from 
either or both of a polycarbonate and a polyarylate by solution casting, a dithiol-nickef complex represented by the 
following formula (1): 
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and at least one kind of diimmonium compound represented by the following formula (2): 
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2X" 



(2) 



(wherein R 1 to R 8 may be the same or different and are each a hydrogen atom, an alkyl group or an aryl group; and 
X" is an anion represented by halogen anion, perchloric acid anion, antimony hexafluoride anion or nitric acid anion). 

The near infrared absorption filter has alleviated the problems of the prior art, has excellent heat resistance, shows 
stable absorption over a long period of time, has a high transmittance for visible light and high absorption for near 
infrared light, and is suitably used particularly as a near infrared absorption filter for plasma display panel. 



BNSDOCID: <EP 1001282A3J_> 



2 



EP 1 001 282 A3 



European Potent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 12 2405 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCl.7) 



P,X 



A 



P,A 



PATENT ABSTRACTS OF JAPAN 

vol . 1998, no. 11, 

30 September 1998 (1998-09-30) 

& JP 10 157023 A (ASAH1 CHEM IND CO LTD), 

16 June 1998 (1998-06-16) 

* abstract * 

EP 0 894 620 A (KANEB0 LTD) 
3 February 1999 (1999-02-03) 

* claims 1,7 * 

* page 2, line 44 - page 3, line 2 * 

* page 7, line 29 - page 10, line 20 * 
& W0 97 38855 A 

23 October 1997 (1997-10-23) 

EP 0 682 082 A (JAPAN CARLIT CO LTD) 
15 November 1995 (1995-11-15) 

* claims 1,3 7 5 * 

EP 0 782 164 A (MITSUI T0ATSU CHEM. ) 
2 July 1997 (1997-07-02) 

* claims 1-9 * 

EP 0 942 039 A (NISSHIN SPINNING) 
15 September 1999 (1999-09-15) 

* claims 1-6 * 

* page 4, line 9 - line 11 * 

PATENT ABSTRACTS OF JAPAN 

vol . 1999, no. 09, 

30 July 1999 (1999-07-30) 

& JP 11 095026 A (TOYOBO CO LTD), 

9 April 1999 (1999-04-09) 

* abstract * 



602B5/22 
GG2B5/20 



The present search report has been drawn up for aB claims 



1-4 

1-4 
1 

I 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



G02B 



THE HAGUE 



Date at comptetinn of the search 

18 May '2001 



Examiner 

Depijper, R 



CATEGORY OF CITED DOCUMEr^TS 

X : particularly relevant if taken alone 

Y : particularly relevant tf combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : i nter mediate document 



T : theory or principle underlying the invention 
£ : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 



3 



1001282A3J_> 



EP 1 001 282 A3 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 12 2405 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lrtLCL7) 



P,A 



PATENT ABSTRACTS OF JAPAN 

vol. 1999, no. 13, 

30 November 1999 (1999-11-30) 

& JP 11 231126 A (T0Y0B0 CO LTD), 

27 August 1999 (1999-08-27) 

* abstract * 



TECHNICAL FIELDS 
SEARCHED (lrtt.Cl.7) 



The present search report has been drawn up for all claims 



Race ot search 

THE HAGUE 



Dale of ccxTtplaiior of the search 

18 Hay 2001 



Examiner 

Depijper, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



, T : theory or principle underlying the invention 
E : earlier patent documenl. but published on. or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 

& : member ot the same patent family, corresponding 



4 



BNSDOCID: <EP 1001282A3J_> 



EP 1 001 282 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 12 2405 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office E DP file on 

The European Patent Office is in no way liable for these particulars which are merely given tor the purpose of information. 

18-05-2001 



Patent document 




Publication 


Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


JP 10157023 


A 


16-06-1998 


NONE 






EP 0894620 


A 


03-02-1999 


AU 


718609 B 


20-04-2000 








AU 


2576297 A 


07-11-1997 








CA 


2251909 A 


23-10-1997 








WO 


9738855 A 


23-10-1997 


EP 0682082 


A 


15-11-1995 


JP 


8027371 A 


30-01-1996 








CA 


2148409 A 


10-11-1995 








US 


5604281 A 


18-02-1997 


EP 0782164 


A 


02-07-1997 


JP 


9230134 A 


05-09-1997 








us 


5804102 A 


08-09-1998 








JP 


10078509 A 


24-03-1998 


EP 0942039 


A 


15-09-1999 


JP 


11323121 A 


26-11-1999 








us 


6136904 A 


24-10-2000 


JP 11095026 


A 


09-04-1999 


NONE 






JP 11231126 


A 


27-08-1999 


NONE 







i For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



5 



BNSDOCID: <EP 1 001 282A3_!_> 



